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Escherichia coli;Abstract The immune system is reported to be highly sensitive to different stressors that exist dur-
ing space ﬂight. Immune system dysregulation during and immediately following space missions is
extensively reported. Solar and galactic radiation are among the major environmental factors which
increase the risk of infection during extended stays of humans outside the Earth’s magnetic ﬁeld. It
has been reported that in addition to the effects on the host immune system, decreased antibiotic
potency and enhanced microbial virulence are outcomes of long-term space ﬂights. In long-time
space missions, the probability of transformation of the neutral microorganisms into the harmful
ones can pose a threat to astronauts’ health. In a widely cited publication, we suggested that for
a deep space mission the adaptive response of all potential crew members be measured and only
those with high adaptive response be chosen. We hypothesised that chronic exposure to elevated
levels of radiation can considerably decrease radiation susceptibility of the selected astronauts
and better protect astronauts against the unpredictable exposure to solar ﬂares and coronal mass
ejections. On the other hand, the results obtained in our recent studies indicate that exposure of lab-
oratory animals to radiofrequency radiations emitted from a common mobile phone can induce a
survival adaptive response as increased survival rate at a speciﬁc time after exposure to a pathogenic
micro-organism. We recently indicated that pre-exposure of mice to radiofrequency radiationsical Physics & Medical Engineering Department, The Head The Center for Research on Radiological
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their resistance to a subsequent Escherichia coli infection. The survival rates in 25 animals that
received both adapting (radiofrequency) and challenge doses (bacteria) and the 20 animals that
received only the challenge dose (bacteria) were 56% and 20%, respectively. In this light, our ﬁnd-
ings lead us to assume that this phenomenon can be used as a method for decreasing the risk of
infection during deep space missions.
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The immune system is reported to be highly sensitive to differ-
ent stressors that exist during space ﬂight [1]. Immune system
dysregulation during and immediately following space missions
is extensively reported [2,3]. Although short-term spaceﬂights
are associated with known reversible immunological altera-
tions, the effects of long-duration spaceﬂights on neuroimmune
responses have not been fully understood yet [4]. Solar and
galactic radiation are among the major environmental factors
which increase the risk of infection during extended stays of hu-
mans outside the Earth’s magnetic ﬁeld [5]. It has been reported
that in addition to the effects on the host immune system, de-
creased antibiotic potency and enhanced microbial virulence
are outcomes of long-term space ﬂights [6]. Immunosuppression
and immune dysfunction observed in astronauts during space
missions [7] as well as alterations such as a decrease in natural
killer (NK) cell number and functionality [8,9], changes in T-cell
distribution and function [1], expression of genes responsible for
scavenging reactive oxygen species [10], decreases in cell-medi-
ated immunity with altered cytokine production [3,9,11] and
an increase in secretion of interleukin 6 (IL-6) and IL-10 [10]
have been attributed to long-term space missions. It has also
been reported that for long-time space missions, the probability
of transformation of the neutral micro-organisms into the
harmful ones can pose a threat to astronauts health [12].
In 2003, in a report entitled ‘Adaptive response studies may
help choose astronauts for long-term space travel’, which was
published in Advances in Space Research [13], we stated the
importance of screening of the candidates of long-term space
missions by in vitro adaptive response studies before any mis-
sion identiﬁes the individuals who show susceptibility to low
levels of ionising radiation and reveal high magnitudes of
radioadaptive response [14]. We proposed that in these individ-
uals, chronic exposure to high levels of space radiation during
any long-term space mission will signiﬁcantly decrease their
radiation susceptibility and protect them against the unpredict-
able exposure to intense radiations caused by possible solar
activities [13]. It has also been suggested that radiofrequency
radiation may help astronauts during space missions by induc-
ing adaptive responses [15].
In the same year, Durante et al. also reported that the yield
of interchromosomal exchanges in astronauts who were in-
volved in two or more space ﬂights was not related to the total
duration of their mission. They also surprisingly reported that
the yield of aberrations at the end of the last mission of astro-
nauts was generally in the range of background frequencies of
aberrations measured before their ﬁrst mission [16]. We also
suggested that ‘‘chronic exposure to elevated levels of radiation
can greatly decrease radiation susceptibility and can better
protect astronauts against the unpredictable exposure tosudden and dramatic increase in ﬂux due to solar ﬂares and
coronal mass ejections’’ [13,14,17]. In addition we also re-
ported that there is inter-individual variability in induction
of adaptive response, so adaptive response studies may help
investigators identify subpopulations with highest magnitudes
of adaptive response in ground-based tests. We have also re-
cently shown that radiofrequency radiation can induce adap-
tive response phenomenon and reported that pre-exposure of
BALB/c mice to radiofrequency radiations emitted from a
GSM mobile phone (GSM, global system for mobile commu-
nications) increases their resistance to a subsequent bacterial
infection. In this study, we indicated that pre-exposure of mice
to radiofrequency radiations emitted from a GSM mobile
phone increased their resistance to a subsequent Escherichia
coli infection. The survival rates in 25 animals that received
both adapting (radiofrequency) and challenge doses (bacteria)
and the 20 animals that received only the challenge dose (bac-
teria) were 56% and 20%, respectively.
These ﬁndings generally conﬁrm that an earlier exposure of
the cells or tissues to a small dose of ionising or non-ionising
radiation can increase their resistance to toxicity caused by
high doses of physical or chemical agents; a phenomenon that
is usually called adaptive response. Although there is one re-
port by Plews et al. which reported that the adaptive response
induced by low-dose whole-body radiation treatments pro-
longed the survival of prion-infected mice by reducing oxida-
tive stress [18], to the best of our knowledge this is the ﬁrst
study that shows the induction of adaptive response as pro-
longed survival of E. coli-infected BALB/c mice by pre-expo-
sure to radiofrequency radiation (non-ionising radiation).
Therefore, although there were some fundamental differences
between our investigation and the above-mentioned study,
both studies show that pre-exposure to adapting doses of ion-
ising or non-ionising radiation can induce adaptive response as
increased resistance to a subsequent infection. The most signif-
icant difference between our study and that conducted by
Plews et al. is the type of the adapting dose (radiofrequency
as a non-ionising radiation in our study versus ionising gamma
radiations emitted from a cobalt-60 source in the Plews et al.
study). Altogether, these ﬁndings, if conﬁrmed by well-struc-
tured adaptive response experiments, can reduce the radiation
susceptibility of astronauts during any deep space mission.References
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